We present 114 fps lingual ultrasound data of 3 speakers' productions of words containing the initial velar plosive, and the following 
INTRODUCTION
We investigated whether /k/ in Mangetti Dune !Xung, a southern African language in the Ju- ǂHoan (Sands 2010) language family, shows the same allophonic differences as are demonstrated for English /k/ (Stevens and House 1963; Keating and Lahiri 1993; Frisch and Wodzinski 2012) , Dutch (Pols 1977) and Catalan (Recasens 1985) , using high frame rate lingual ultrasound data collected at 114 fps using the CHAUSA method (Miller and Finch 2011) . This resulted in an image of the majority of the tongue every 7.8 ms. We predicted that [k] would have considerable differences in constriction locations, both in the tongue root and the tongue dorsum, expecting the /k/ in the [i] context to have a less retracted tongue root constriction location (TRCL) and a more forward tongue dorsum constriction locations (TDCL) due to coarticulatory effects. We went about investigating the issue by collecting repetitions of Mangetti Dune !Xung words in which /k/ was present in an [i] context, and words where /k/ was present in an [ɑ] context. We examined a small pool of three speakers, focusing on the repetitions of two words [kininu] , 'medicine' and [ka] 'it'. We found that, just as we had predicted, the tongue dorsum constriction location for the [k] in the [i] context did appear to be more forward than the [k] in the [ɑ] context, and the tongue root constriction location was more retracted for [k] in the [ɑ] context than it was for [k] in the [i] context.
METHODS
We collected 12 repetitions of the word [kininu] 'pill, medicine ' in the frame sentence: "Mɑ o kχ'ui _______ kɑ dʒɑlɑ" which is translated as "I say ______ well.", and [k] in the [ɑ] context was taken from the word ka, which means it. The pilot study of Miller and Finch (2011) traced 7 traces within the alveolar click [!] . For the purposes of our study we required only one traced frame just before the release of the [k] . The frame before the release was predicted by the acoustics as the frame before the beginning of the [k] burst. After labeling the beginning of the [k] burst in Praat (Boersma and Weenink 2012) , we used a Praat Script to estimate the frame number, and then visually verified that this was the frame before the tongue dorsum lowered. The overall CHAUSA data collection and analysis method is described in Miller and Finch (2011) . We used a GE LogiqE ultrasound machine with DICOM installed. DICOM transmission of the files from the ultrasound (US) machine to the data analysis computer preserved the native 114 fps frame rate, resulting in an image of the tongue every 8.77 ms (+/-4.38 ms). We aligned the high frame rate US video to the audio, manually, using Adobe Premiere Pro, as the trimodal system was not yet developed during the time of data collection. The Palatoglossatron software (Mielke et al. 2005) , and the add-on program, Peterotron, were used to trace the midsagittal line of the tongue edge and to perform the proper head movement correction. Since the US rays reflect when there is a change in density, the white line seen in a lingual ultrasound image is the interface of the tongue with air (Stone 2005) . In this study, the tongue edge was traced just below the white line seen in the US images as in Miller (2012 a,b) , which means that the traces correspond closely to the upper edge of the tongue surface. We traced the palate image from a swallow following the method described in Epstein and Stone (2005) . To identify the variance in constriction location, we traced the frame before the burst in each [k] in Palatoglossatron software and plotted the traces in R. The tongue and palate traces were translated by subtracting the maximum vertical positions of each of the palates from the most upright palate and tongue traces. This shifted the lowest position of the y-axis to 0. In order to maintain the front of the palate on the right side of the image, and to keep the x-axis fully within the first quadrant, 9 cms were added to the right edge of the palate. Thus, the front edge of the palate occurs at 9 cm on the x-axis for all of the data. Therefore, the left edge of the images is the back of the tongue, and the right edge is the front edge of the tongue, as in Miller (2012a,b However, the position of the probe, and thus the probe angle, varied for the two different seatings. Therefore, the tongue traces needed to be transformed to get them into the same space. This was accomplished by measuring the probe angle for the swallow recordings that were recorded in each of the headset seatings, and then rotating all of the traces recorded in the same headset seating, so that all of the traces were oriented to the same probe angle, as in Miller (2012a,b) . In some cases, additional shifting was needed to align the tongue traces to the palate. The two constriction locations from the clicks enabled us to clearly identify and shift the tongue image into proper alignment with the palate image, since there was only one possible position where both tongue constrictions fitted the curved palate shape. Once the click traces were appropriately transformed, this meant that the ka in the frame sentence for these data was in the appropriate position. We then used an R script to plot the mean value of the traced [k] [i] context is further forward even while being in the same utterance.
Statistical Analysis
Analysis of variance (ANOVA) models were applied with word type and speaker as factors. For the TDCL and TRCL measurements, there are 5 consonant types for speakers MA and TK, and 6 types for speaker JF: [ka] from the word ka meaning 'it' in the frame sentence, preceding the four click types; [k] from the word ka meaning 'it' in the frame sentence, and [k] from the word kininu (JF). Tukey posthoc tests were used to perform pairwise comparisons. Thus, for speakers MA and TK, there are 4 df, and for speaker JF there are 5 df. An alpha value of p<.05 is used in this study.
RESULTS
Our hypothesis was proven correct for the most part; however, there was some interesting inter-speaker variation. 
Tongue Dorsum Constriction Location
In [i] context, with a 1.37 cm occurring for MA and a 0.67 cm difference for JF. Our last speaker, TK, presented a noticeable lack of variation in the two contexts, which was discovered to be a result from this speakers production of an allophone of /k/. We ran an ANOVA with TDCL as the result, and the word type as the factor, merged across speakers. The ANOVA for the three speakers was significant (p<.001). The results for a Tukey posthoc test are provided in Table 2 below. Table 2 show that TDCL for /k/ in the [i] context is significantly different from /k/ in the [ɑ] context. Results are also favorable to the fact that when /k/ follows one of our four click types, there is a significant difference between that /k/ and the /k/ in the [i] context, however, there is no significant difference between that /k/ and the /k/ in the [ɑ] context. We also ran an ANOVA with TDCL as the result, and the speaker as the factor, merged across word type. The ANOVA for a comparison between speakers MA~TK and JF~TK was significant (p<.001). The results for a Tukey posthoc test are provided in Table 3 below. The ultrasound images in Figure 3 demonstrate the variation between TD and TR constriction location in speakers MA and TK. The tongue edge for speaker TK has been traced in the manner stated in the methods section. Note the overall tongue shape variation, and the retracted tongue root and further back constriction location for speaker MA as opposed to that of TK.
a. b. 
Tongue Root Constriction Location
Regarding the TRCL, both speakers JF and MA show marked differences in constriction location. In Figure 4 we've provided the boxplots for the TRCL's for all three speakers, separated by their preceding word type, as we had previously done for the TDCL. As mentioned before, speaker JF also has available data on the TRCL for [k] We ran an ANOVA with TRCL as the result and word type as the factor, merged across speakers. The ANOVA for the three speakers was significant (p<.001). The results for a Tukey posthoc test are in Table 5 below. 
We also ran an ANOVA with TRCL as the result, and the speaker as the factor, merged across word type. Similarly to the results for TDCL, the ANOVA drawing comparisons between speakers MA~TK and JF~TK was significant (p<.001). The results for a Tukey posthoc test are provided in Table 6 below. 
DISCUSSION
The results reported here show that 2 out of 3 speakers of Mangetti Dune !Xung display allophonic variation between /k/ in the [i] context, and /k/ in the [ɑ] context. That is, the TDCL is farther back for /k/ in the [ɑ] context than for [k] in the [i] context. This confirms that Mangetti Dune !Xung has a similar coarticulatory process to that found in English (Keating and Lahiri 1993; Frisch and Wodzinski 2011) , Dutch (Pols 1977) , Catalan (Recasens 1985) and several Australian aboriginal languages (Butcher and Tabain 2004) . This study also shows that there is a difference in the TRCL between the two different /k/ allophones for these two speakers. However, since the previous studies of the other languages did not investigate TRCL, we do not know if the TRCL differences are unique to Mangetti Dune !Xung, or whether such differences were just unexplored for these other languages. Previous researchers, such as Recasens (1985) have argued that coarticulatory effects with [k] are perhaps universal, and that we can generalize about differences in the strength of coarticulation in different languages based on a few speakers. In this study, we found that there was inter-speaker variation. For instance, in our study, one speaker showed no significant variation in TDCL or TRCL between the /k/ in the [i] context and /k/ in the [ɑ] context, showing that this is not an uncontrollable universal phonetic effect. We find it important to notice that with a small pool of speakers in each of these studies it is important to note that inter-speaker variation might play as strong a role as cross-language variation. Frisch and Wodzinski's stimuli was composed of the /k/ onset in a CV monosyllabic study, followed by one of nine Standard American English vowels covering the full range from front to back vowels (/i e ae ә ɚ ɑ ɔ o u/). We can't directly compare our results to Frisch and Wodzinski's measurements, because they used a "Velar Closure Angle" method, meaning that they took the angle of elevation from the horizontal access of the ultrasound probe to the center of the velar closure, while we used a method taking the x location of the highest point of the tongue from a horizontal position of the center of the velar closure. Taking a closer look at [i] and [ɑ] , preceded by [k], they found that across speakers, [i] ranged from 65º-85º, and that [ɑ] ranged from 100º to 85º, which is favorable to our results, since a higher angle is analogous to retraction.
CONCLUSION
As seen in previous research, and as shown in this research, coarticulation of velar plosives are a common trait of languages, and, while it is not possible to make universal generalizations about coarticulatory effects across languages, our results confirm that there are coarticulatory effects between these two allophones of /k/ in a typologically distinct language. From our pool of three speakers, the results for one speaker showed that there was not a significant difference resulting from an allophone of /k/ being used in all contexts. However, for the other two speakers in our study, we found that the distance between tongue dorsum placement for [k] [ɑ] context found in the frame sentence, and the tongue dorsum placement for both were found to be significantly different. We also found a significant difference in tongue root constriction location in both contexts, again with [k] in the [ɑ] context being more retracted than the [k] in the [i] context. These results were similar to those found in the tongue dorsum constriction location, with the same exceptions applied to each speaker as previously reported.
